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(54) Liquid crystal elemental device, production process thereof and spacer-bearing substrate 



(57) Disclosed herein is a process for producing a 
liquid crystal elemental device comprising a pair of sub- 
strates arranged in opposed relation to each other 
through a spacer and a liquid crystal held in a space 
between the substrates, which comprises the steps of 
applying a spacer-forming materia! onto one of the pair 



of substrates by an ink-jet system to form the spacer, 
arranging the pair of substrates in opposed relation to 
each other with the spacer held therebetween, and 
enclosing a liquid crystal compound in the space 
between the pair of substrates. 
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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

[0001] The present invention relates to a production process of a liquid crystal elemental device suitable for use in 
color televisions, personal computers and the like, a liquid crystal elemental device produced by the production process 
and a substrate which is>a constituent member of the liquid crystal elemental device. 

10 

Related Background Art 

[0002] With the advancement of personal computers, particularly, portable personal computers in recent years, the 
demand for color liquid crystal display devices tends to increase. It is however necessary to reduce the manufacturing 

15 cost of the color liquid crystal display devices for further spreading them. 

[0003] In a conventional production process of a liquid crystal elemental device, an elemental device for driving a 
liquid crystal, such as a TFT (thin film transistor), or an optical elemental device for coloring, such as a color filter is pro- 
vided on a pair of glass substrates which are transparent insulating substrates, and both transparent electrode and ori- 
entation film are then formed on each of the substrates. Spherical or cylindrical particles composed of silica, alumina, 

20 a synthetic resin or the like and having a particle diameter of about 3 to 1 0 urn are then dispersed as a spacer on the 
whole surface of one of the glass substrates on which the transparent electrode and orientation film have been formed. 
The pair of glass substrates are superimposed on each other through the spacer thus formed with the transparent elec- 
trodes opposed to each other, and a liquid crystal is enclosed in a space between the substrates, thereby producing a 
liquid crystal elemental device. 

25 [0004] However, since a state of transmission/shading varies in effective pixel portions according to display condi- 
tion, each spacer is observed as a bright point upon shading when the spacer is formed with a colorless, transparent 
material, or as a black point upon transmission when the spacer is colored black, which has caused a problem that dis- 
play quality is deteriorated. 

[0005] In order to solve the above problem, there has been proposed a process in which an orientation film is sub- 
30 jected to an orientation treatment and then coated with a photosensitive polyimide or photoresist to conduct exposure 
through a mask, thereby forming spacers composed of the polyimide or photoresist at other portions than effective pixel 
portions as shown in Japanese Patent Application Laid-Open No. 61-173221, Japanese Patent Application Laid-Open 
No. 2-223922 or the like. According to this process, the spacer can be formed at arbitrary places with an arbitrary den- 
sity, so that unevenness of cell gap in the liquid crystal elemental device when a liquid crystal is enclosed can be 
35 improved. In Japanese Patent Application Laid-Open No. 3-94230, is described a process for fixing a spacer comprising 
beads on a shading layer in another region than effective pixel portions. 

[0006] Besides, there have been proposed methods in which a black matrix great in film thickness is used as a 
spacer (Japanese Patent Application Laid-Open Nos. 63-237032, 3-184022 and 4-122914), in which an overlapped 
colored resist is used as a spacer (Japanese Patent Application Laid-Open No. 63-82405), and in which a colored pat- 
40 tern is also formed on a black matrix to use it as a spacer (Japanese Patent Application Laid-Open No. 63-237032). 
[0007] All the improving methods proposed in the above publications are methods making use of photolithography 
and hence have involved problems that an expensive exposure apparatus is required, and a production line is elongated 
due to introduction of a wet process such as development. 

[0008] In the above improving methods, it is necessary to directly apply the photosensitive polyimide or photoresist 
45 on to an orientation film formed of a polyimide film subjected to an orientation treatment by a rubbing process or the like 
and remove an unnecessary portion thereof with a solvent or the like after exposure. These steps may markedly con- 
taminate or break the state of orientation of the oriented film in some cases, and so there is a possibility that the orien- 
tation of a liquid crystal injected into a liquid crystal cell may be made uneven, 

50 SUMMARY OF THE INVENTION 

[0009] It is an object of the present invention to solve the above problems and provide a process for producing a 
liquid crystal elemental device free of influence of a spacer on both effective pixel portions and non-effective pixel por- 
tions from the viewpoint of display and excellent in display quality without increase in cost. 
55 [0010] The above object can be achieved by the present invention described below. 

[0011] According to the present invention, there is thus provided a process for producing a liquid crystal elemental 
device comprising a pair of substrates arranged in opposed relation to each other through a spacer and a liquid crystal 
held in a space between the substrates, which comprises the steps of applying a spacer-forming material onto one of 



2 



1072932A2 I > 



EP 1 072 932 A2 



the pair of substrates by an ink-jet system to form the spacer, arranging the pair of substrates in opposed relation to 
each other with the spacer held therebetween, and enclosing a liquid crystal compound in the space between the pair 
of substrates. 

[0012] According to the present invention, there is also provided a process for producing a liquid crystal elemental 
5 device comprising a pair of substrates arranged in opposed relation to each other through a spacer and a liquid crystal 
held in a space between the substrates, which comprises the steps of applying a spacer-forming material a plurality of 
times to be piled up onto one of the pair of substrates to form the spacer, arranging the pair of substrates in opposed 
relation to each other with the spacer held therebetween, and enclosing a liquid crystal compound in the space between 
the pair of substrates. 

w [0013] According to the present invention, there is further provided a process for producing a liquid crystal elemen- 
tal device comprising a pair of substrates arranged in opposed relation to each other through a spacer and a liquid crys- 
tal held in a space between the substrates, which comprises the steps of applying a spacer-forming material onto one 
of the pair of substrates to form the spacer, flattening the top of the spacer, arranging the pair of substrates in opposed 
relation to each other with the spacer held therebetween, and enclosing a liquid crystal compound in the space between 

15 the pair of substrates. 

[0014] According to the present invention, there is still further provided a process for producing a spacer-bearing 
substrate, which comprises the steps of forming a colored layer on a substrate, and applying a spacer-forming material 
by an ink-jet system to form a spacer. 

[0015] According to the present invention, there is yet still further provided a process for producing a spacer-bear- 
20 ing substrate, which comprises the step of applying a spacer-forming material a plurality of times to be piled up onto a 
substrate to form a spacer. 

[0016] According to the present invention, there is yet still further provided a process for producing a spacer-bear- 
ing substrate, which comprises the steps of forming a spacer composed of a spacer-forming material on a substrate, 
and flattening the top of the spacer. 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0017] 

30 Figs. 1 A, 1B, 1C, 1D, 1E, 1F and 1G are flowcharts illustrating a production process of a liquid crystal elemental 

device according to an embodiment of the present invention. 

Fig. 2 illustrates how to form a spacer by ejecting a curable, spacer-forming material plural times. 
Fig. 3 illustrates an exemplary target shape of a spacer. 
Fig. 4 illustrates the construction of an abrading device for abrading a spacer. 
35 Fig. 5 illustrates another exemplary target shape of a spacer. 

Fig. 6 is a schematic cross -sectional view illustrating a spacer-bearing substrate according to an embodiment of 
the present invention. 

Fig. 7 is a schematic cross-sectional view illustrating a liquid crystal elemental device according to an embodiment 
of the present invention. 

40 Fig. 8 is a schematic cross-sectional view illustrating a liquid crystal elemental device according to another embod- 

iment of the present invention. 

Figs. 9A, 9B, 9C, 9D, 9E, 9F and 9G are flow charts illustrating a production process of a liquid crystal elemental 
device according to another embodiment of the present invention. 

Fig. 10 is a schematic cross-sectional view illustrating a liquid crystal elemental device according to a further 
45 embodiment of the present invention. 

Figs. 1 1 A, 1 1 B, 1 1 C, 1 1 D, 11 E and 11 F are flow charts illustrating a production process of a liquid crystal elemental 
device according to a further embodiment of the present invention. 

Fig. 12 is a schematic cross-sectional view illustrating a spacer-bearing substrate according to another embodi- 
ment of the present invention. 

50 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0018] • Figs. 1 A to 1 G schematically illustrate steps up to the formation of a spacer-bearing substrate in a produc- 
tion process of a liquid crystal elemental device according to an embodiment of the present invention. This embodiment 
55 is the case where one substrate is constituted by a color filter with a colored layer and a protective layer provided on a 
transparent substrate, and a spacer is formed on this substrate. In Figs. 1A to 1G, reference numeral 1 indicates a 
transparent substrate, 2 a black matrix, 3 a colored layer, 4 a protective layer, 5 a transparent electrode, 6 an orientation 
film, 8 an ink-jet head, 9 a curable, spacer-forming material, and 1 0 a spacer. Incidentally, Figs. 1 A to 1 G are schematic 
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cross-sectional views corresponding to the following Steps (a) through (g), respectively. 

[0019] In the following description, a system that a spacer-forming material is ejected in place of an ink according 
to the conventionally known ink-jet system is referred to as the ink-jet system for the sake of convenience. The spacer- 
forming material means a material which will serve as a spacer after curing. 

5 

Step (a): 

[0020] A black matrix 2 is formed on a transparent substrate 1 as needed. For the transparent substrate 1 in the 
present invention, a glass sheet is generally used. However, the substrate is not limited to the glass substrate so far as 
10 it has properties required of a liquid crystal elemental device, such as transparency and mechanical strength, and a 
plastic substrate may also be used. 

[0021] No particular limitation is imposed on the black matrix 2, and any publicly known black matrix may be used. 
For example, the black matrix can be formed by etching a laminated film of a metal such as Cr or a metal oxide formed 
on the transparent substrate 1 in a pattern shape, or by patterning a black resist coated on the transparent substrate 1 . 

15 

Step(b): 

[0022] A colored layer 3 composed of colored patterns of red (R), green (G) and blue (B) is formed on the transpar- 
ent substrate. No particular limitation is imposed on a processor forming the colored layer 3 in the present invention, 

20 and any publicly known technique may be used. Examples thereof include a pigment dispersing process using photo- 
setting resin compositions in which a pigment has been dispersed, a dyeing process comprising dyeing a resin film 
formed on a substrate with dyes, an electrodeposition process comprising electrodepositing colored compositions on 
an electroconductive substrate while energizing the substrate, thereby forming a colored layer, a printing process 
putting a printing technique into practice, and a thermal transfer process putting a thermal transfer technique into prac- 

25 tice. A process making good use of an ink-jet system, by which a colored layer composed of 3 colored patterns can be 
formed at the same time by a single step, is desirable from the viewpoint of cost. 

[0023] It is not always necessary to provide the colored layer 3 on a substrate on which a spacer 1 0 will be formed, 
and it is only necessary to form it on any one of a pair of substrates making up a liquid crystal, elemental device. 

30 Step (c): 

[0024] A protective layer 4 is formed as needed. For the protective layer 4, may. be used a resin layer capable of 
curing by light irradiation, heat treatment or a combination thereof, or an inorganic film formed by vapor deposition or 
sputtering. However, any layer or film may be used so far as it has sufficient transparency to be used in a color filter and 
35 withstands subsequent ITO film-forming step, orientated-film-forming step and the like. 

Step (d): 

[0025] A transparent electroconductive film (electrode) 5 is formed as needed. For the transparent electroconduc- 
40 tive film 5, is generally used an ITO film formed by sputtering or the like. However, the transparent electroconductive film 
5 is not particularly limited to the ITO film, and a forming process thereof is also not limited in any way. 

Step (e): 

45 [0026] An orientation film 6 is formed in advance as needed. No particular limitation is imposed on the process and 
material for forming the orientation film 6, and any publicly known process and material may be used. The orientation 
film 6 may also be suitably subjected to a rubbing treatment by any publicly known method in advance. 

Step (f): 

50 

[0027] The substrate is set into a spacer-writing machine to conduct substrate alignment utilizing alignment marks 
(not illustrated) used in the formation of the colored layer 3, thereby ejecting a curable, spacer-forming material 9 onto 
effective pixel portions by means of an ink-jet head. 

[0028] The curable, spacer-forming material 9 will become a spacer after curing. For such a material, any material 
55 may be used so far as it contains a curable component and is capable of being ejected by means of an ink-jet head and 
being cured by a post treatment The curable, spacer-forming material 9 preferably contains a homopolymer of one of 
such monomers as mentioned below or a copolymer of such a monomer with another vinyl monomer, and the content 
of such a polymer is 0.01 to 30 % by weight, more preferably 0.1 to 15 % by weight, particularly desirably 0.1 to 10 % 
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by weight. 

[0029] Examples of the monomer which is a component of the polymer or copolymer contained in the curable, 
spacer-forming material 9 include N,N-dimethylolacrylamide, N.N-dimethoxymethylacrylamide, N,N-diethoxy-m ethyl- 
acrylamide, N,N-dimethylolmethacrylamide, N,N-dimethoxymethylmethacrylamide and N,N-diethoxymethylmethacry- 

s lamide. However, the monomers are not limited thereto. These monomers are used in the form of homopolymers or 
copolymers with other vinyl monomers. Examples of other vinyl monomers include acrylic acid, methacrylic acid, acrylic 
esters such as methyl acrylate and ethyl acrylate, methacrylic esters such as methyl methacrylate and ethyl methacr- 
ylate, hydroxyl group-containing vinyl monomers such as hydroxymethyl methacrylate, hydroxyethyl methacrylate, 
hydroxymethyl acrylate and hydroxyethyl acrylate, and besides styrene, ra-methylstyrene, acrylamide, meth acrylamide, 

10 acrylonitrile, allyamine, vinylamine, vinyl acetate and vinyl propionate. 

[0030] The copolymerizing proportion, in terms of % by weight, of the above monomer to another vinyl monomer is 
preferably from 1 00 %:0 % to 5 %:95 %, particularly desirably from 90 %: 1 0 % to 1 0 %:90 %. 

[0031] When the curable, spacer-forming material is cured by light, various kinds of photosetting resins and pho- 
to polymerization initiators may be added thereto. In addition, various kinds of commercially-available resins and addi- 

15 tives may be added as other components so far as they do not cause problems of crusting and the like in the curable, 
spacer-forming material. Specifically, acrylic resins, epoxy resins and the like are preferably used. 
[0032] The respective components described above are mixed and dissolved in water and/or a publicly known sol- 
vent for the preparation of the curable, spacer-forming material. In this process, those known perse in the art may be 
used. Desirably, an additive solvent or an additive such as a surfactant is added according to the material (orientation 

20 film 6 in this embodiment) of the surface of the substrate, on which the spacer 10 is formed, to control the diameter of 
a dot formed by the curable, spacer-forming material 9 ejected, whereby the diameter of the spacer 1 0 can be control- 
led. 

[0033] For the ink-jet system used in the present invention, a bubble-jet type making use of an electrothermal con- 
verter as an energy-generating element or a piezo-jet type making use of a piezoelectric element may be used. The 
25 shot-in quantity of the curable, spacer-forming material 9 may be arbitrarily preset. Although the shot-in position of the 
curable, spacer-forming material 9 may also be arbitrarily preset, it is preferably shot in a position overlapping with the 
black matrix. 

[0034] A cell gap in a liquid crystal elemental device is generally 2 to 10 ujti. In the present invention also, a spacer 
having a height within this range is preferably formed. 
30 [0035] The spacer may be formed only at positions necessary to hold a cell gap upon fabrication of a liquid crystal 
elemental device with a plurality of spacers dispersed in the form of a dot or line in the substrate. Each spacer is pref- 
erably formed in a substantially cylindrical shape. 

[0036] In Step (f), the curable, spacer-forming material 9 may be ejected once to form the spacer 1 0. However, the 
curable, spacer-forming material 9 may be ejected plural times at the same position on the substrate by the ink-jet head 

35 8 to overlap each other as illustrated in Fig. 2, thereby forming the spacer 1 0. The reason for it is that when the curable, 
spacer-forming material 9 is ejected only once, the curable, spacer-forming material 9 may spread on the orientation 
film 6 to fail to achieve the height required as a spacer in some cases. Incidentally, when the curable, spacer-forming 
material 9 is ejected plural times at the same position as described above, the amount of the curable, spacer-forming 
material ejected later is made less, or after the curable, spacer-forming material 9 ejected earlier is cured to some 

40 extent, the curable, spacer-forming materials is further ejected thereon, whereby the height necessary for the spacer 
is achieved with greater ease. 

[0037] Fig. 3 is a sectional side elevation illustrating an exemplary target shape of a spacer. It is preferred from the 
viewpoint of achieving the height necessary for the spacer that the amount of the curable, spacer-forming material 
ejected later be made less as illustrated in Fig. 2 to form the spacer into such a trapezoid as illustrated in Fig. 3. 
45 [0038] Incidentally, the embodiment illustrated in Rg. 2 shows a case where the curable, spacer-forming material 9 
is ejected 3 times at the same, position on the substrate to form the spacer 10. However, the present invention is not 
limited to the threefold ejection, but the spacer may be formed by twofold ejection, or fourfold or more ejection. 

Step (g): 

50 

[0039] The curable, spacer-forming material 9 is cured by light irradiation, heat treatment or both light irradiation 
and heat treatment to form the spacer 1 0, thereby obtaining a spacer-bearing substrate according to the present inven- 
tion. The light irradiation and heat treatment are conducted in accordance with the respective methods known perse in 
the art. 

55 [0040] When the spacer requires specially strict evenness, the surface of the spacer 10 may be abraded and flat- 
tened according to the following Step (h). In this case, shavings remained after the abrasion are preferably cleaned off 
in the following Step (i). 
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Step (h): 

[0041] If the top portion of the spacer 1 0 formed by the ink-jet system is round, an opposed substrate 1 1 (see Fig. 
7) comes into point contact with the top of the spacer 1 0 when the opposed substrate 1 0 is bonded under pressure to 

5 the spacer-bearing substrate 20 through the spacer 10, so that it is difficult to control a gap length between both sub- 
strates. In addition, since the pressure is applied topically, the spacer 1 0 is easy to deform to cause thickness irregular- 
ity of the gap between both substrates. Therefore, the top of the spacer 10 is necessary to be abraded in Step (h) to 
flatten it. When the top of the spacer 10 is flattened, the pressure is applied uniformly, so that the gap between both 
substrates can be controlled with high accuracy, thereby producing a liquid crystal display device which scarcely causes 

io display irregularity. Further, even when the shot-in quantity of the spacer-forming material for forming the spacer 1 0 var- 
ies, the height of the spacer 10 can be controlled precisely, and a yield can be enhanced. 

[0042] In order to flatten the top of the spacer 1 0, methods such as cutting, hot pressing, tape abrading and buffing 
are considered, and buffing is most suitable. Incidentally, the buffing means a method in which an abrasive is provided 
on the surface of an abrading base material, and a part to be abraded is brought into contact with the surface of the 

15 base material while rotating the abrading base material on its axis, thereby abrading the surface of the part. 

[0043] Hg. 4 illustrates the construction of an abrading device used for flattening the top of the spacer 1 0 by buffing. 
[0044] The abrading device 1 0 is equipped with a lower holding part 40 that holds the spacer-bearing substrate 20 
by suction, and an upper holding part 42 opposed to the lower holding part 40. To the lower surface of the upper holding 
part 42, is attached an abrading member 44 with a finely particulate abrasive penetrated into an abrading base material. 

20 The upper holding part 42 is rotated on its axis in a state that the abrading member 44 has been brought into contact 
with the top of the spacer 1 0, whereby the top of the spacer 1 0 is flatly abraded. The lower holding part 40 is not rotat- 
ably driven, but is rotated with the rotation of the upper holding part 42. 

[0045] As the abrading base material used in the abrading member 44, a nonwoven fabric, suede, porous body or 
the like is preferred. In this embodiment, the nonwoven fabric is used. 
25 [0046] As the abrasive, is used an inorganic oxide or the like, and an abrasive comprising alumina as a main com- 
ponent is preferred. The particle diameter thereof is preferably about 0.2 |xm to 0.3 ujti. 

[0047] Fig. 5 illustrates another exemplary target shape of a spacer 1 0. As illustrate in Fig. 5, the top of thejspacer 
10 is preferably abraded into a flat surface having an average area of 10 to 900 urn 2 , preferably 50 to 500 urn 2 , more 
preferably 70 to 300 um 2 . If the surface area is smaller than 10 jim 2 , the spacer 10 becomes easy to collapse, so that 
30 irregularity may occur in the gap between both substrates in some cases. If the surface area is greater than 900 jxm 2 , 
such a spacer may project from a shading region in some cases. The height of the spacer 1 0 varies according to a liquid 
crystal material used. However, in the case of a TN liquid crystal, the top of the spacer, 10 is preferably abraded so as 
to give a height of 4 to 5.5 urn The above numerical values can be inspected through an optical microscope. 

35 Step (i): 

[0048] The spacer-bearing substrate 20 the spacer 10 of which has been abraded in Step (h) is subjected to ultra- 
sonic cleaning for removing shavings by the abrasion, and the like. The ultrasonic cleaning is conducted by, for example, 
immersing the spacer-bearing substrate 20 in an ultrasonic cleaning bath and applying 100 kHz ultrasonic wave of 250 
40 W for 1 minute. 

[0049] The orientation film 6 is not always required to be provided before the formation of the spacer 10, but may 
be provided after the formation of the spacer 1 0 as illustrated in Fig. 6. 

[0050] The present invention is practiced by a ink-jet system making use of thermal energy as energy utilized for 
ejecting the spacer-forming material, whereby high-density and high-definition formation of the spacer can be achieved. 

45 [0051] The typical construction and principle thereof preferably follow the basic principle disclosed in, for example, 
U.S. Patent Nos. 4,723,129 and 4,740,796. This system maybe applied to either the so-called on-demand type or con- 
tinuous type. However, the on-demand type is particularly effective because at least one driving signal that responds to 
recording information and gives a rapid temperature rise beyond film boiling is applied to an electrothermal converter 
arranged in opposed relation to a sheet or liquid path in which a liquid (ink) is held, whereby thermal energy is gener- 

50 ated by the electrothermal converter to cause film boiling on a heat acting surface of a recording head, and conse- 
quently a bubble can be formed in the liquid (ink) in relation of 1 to 1 in response to the driving signal. The liquid (ink) 
is ejected through an opening for ejection by growth and shrinkage of the bubble to form at least one droplet. It is more 
preferred that the driving signal be applied in the form of a pulse, since the growth and shrinkage of the bubble are suit- 
ably conducted without delay, whereby the liquid (ink) can be ejected with excellent responsiveness in particular. 

55 [0052] For the driving signal in the form of a pulse, those described in U.S. Patent Nos. 4,463,359 and 4,345,262 
are suitable. Incidentally, when the conditions described in U.S. Patent No. 4,313,124 the invention of which relates to 
the rate of temperature rise on the heat acting surface are adopted, far excellent recording can be conducted. 
[0053] For the construction of the recording head, besides such construction composed of a combination of an 
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ejection orifice, a liquid path and an electrothermal converter as disclosed in the above-described respective U.S. Pat- 
ents (linear liquid path or right-angle liquid path), the construction disclosed in U.S. Patent Nos. 4,558,333 and 
4,459,600 that a heat acting surface is arranged in a curved region is also embraced in the present invention. In addi- 
tion, the construction based on Japanese Patent Application Laid-Open No. 59-123670 disclosing the construction that 

5 a slot common to a plurality of electrothermal converters is used as an ejection part of the electrothermal converters, 
or Japanese Patent Application Laid-Open No. 59-138461 disclosing the construction that an opening absorbing the 
pressure wave of thermal energy is arranged in opposed relation to an ejection part may also be allowable. 
[0054] Further, a full-line type recording head having a length corresponding to the width of the greatest recording 
medium on which recording can be conducted by a recording apparatus may be either the construction that the length 

10 is fulfilled by such a combination of plural recording heads as disclosed in the above-described U.S. Patents or the con- 
struction as one recording head formed integrally. 

[0055] Thereafter, the above-described spacer-bearing substrate and an opposed substrate fabricated separately 
are laminated with a sealant to fabricate a cell, and a liquid crystal is enclosed in the cell, thereby obtaining the liquid 
crystal elemental device according to the present invention. 

15 [0056] Examples of the liquid crystal elemental device according to the present invention are illustrated in Figs. 7 
and 8. Fig. 7 is a schematic cross-sectional view illustrating an exemplary liquid crystal elemental device fabricated by 
using the spacer-bearing substrate according to the present invention illustrated in Fig. 1G. Fig. 8 is a schematic cross- 
sectional view illustrating an exemplary liquid crystal elemental device fabricated by using the spacer-bearing substrate 
according to the present invention illustrated in Fig. 6. In Figs. 7 and 8, reference numeral 1 1 indicates an opposed sub- 

20 strate, 12 pixel electrodes, 13 an orientation film, and 14 a liquid crystal. These liquid crystal elemental devices are 
examples of an active matrix type (so-called TFT type) liquid crystal elemental device in which a TFT (thin film transis- 
tor) is arranged for every pixel. 

[0057] Liquid crystal elemental devices for colored display are generally formed by uniting the substrate 1 on the 
side of the color filter and the opposed substrate 1 1 and enclosing the liquid crystal 14 in a space between both sub- 

25 strates. On the inside of the opposed substrate 1 1 , TFTs (not illustrated) and the transparent pixel electrodes 12 are 
formed in the form of a matrix. On the inside of the transparent substrate 1 , the colored layer 3 of the color filter is pro- 
vided in such a manner that colored portions of R, G and B are arranged at positions opposite to the pixel electrodes 
12. The transparent electroconductive film (common electrode) 6 is formed onto the whole surface of the colored layer. 
The black matrix 2 is generally formed on the side of the color filter, but formed on the side of the opposed substrate 1 1 

30 in a liquid crystal elemental device of the BM on array type. The orientation films 6 and 13 are further formed on the 
respective insides of both substrates. Liquid crystal molecules can be aligned or oriented in a fixed direction by subject- 
ing these films to a rubbing treatment These substrates are arranged in opposed relation to each other through the 
spacer 10 and laminated with a sealant (not illustrated). The liquid crystal 14 is filled in a space between both sub- 
strates. For the liquid crystal, any of a commonly used TN type liquid crystal, ferroelectric liquid crystal, etc. may be 

35 used. 

[0058] tn the case where the liquid crystal elemental device is of a transmission type, polarizing plates are arranged 
on the outsides of both substrates, and a back light generally composed of a combination of a fluorescent lamp and a 
scattering plate is used, or in the case where the liquid crystal elemental device is of a reflection type, a polarizing plate 
is arranged on the outside of the transparent substrate 1 . In each case, the liquid crystal 14 functions as an optical shut- 

40 ter for changing the transmittance of light, thereby conducting display. 

[0059] Although the TFT type liquid crystal elemental devices have been described in the above embodiments. 
However, the present invention is also preferably applied to liquid crystal elemental devices of other drive types such as 
the simple matrix type. The liquid crystal elemental devices according to the present invention are suitably used in both 
direct viewing type and projection type. 

45 [0060] A spacer-forming material according to another embodiment will hereinafter be described. 

[0061] As the spacer-forming material, may be used a bead-containing spacer-forming material in which beads are 
dispersed in an adhesive. 

[0062] The bead-containing spacer-forming material according to the present invention is formed into the spacer 1 0 
by applying it onto the color filter and then curing the adhesive to fix the beads to the color filter. 
so [0063] For the bead-containing spacer-forming material according to the present invention, a ratio of the specific 
gravity of the beads to the specific gravity of the adhesive is 0.9 to 1 .1 , desirably 0.95 to 1 .05 from the viewpoint of pre- 
venting the precipitation or flotation of the beads in the spacer-forming material. 

[0064] For the beads contained in the bead-containing spacer-forming material according to the present invention, 
those having a particle diameter of 0.8 to 10 urn are preferably used from the viewpoint of holding a cell gap in the 
55 resulting liquid crystal elemental device, and they are contained in a proportion of preferably 0.1 to 50 % by weight, 
more preferably 1 to 30 % by weight in the spacer-forming material. Further, the viscosity of the adhesive is adjusted to 
preferably 2 to 1 00 cp, more preferably 3 to 50 cp at 25°C from the viewpoint of successfully ejecting the spacer-forming 
material. 
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[0065] For the beads used in the bead-containing spacer-forming material according to the present invention, may 
preferably used porous bodies, nonporous bodies and hollow bodies of inorganic compounds such as glass, silica and 
metal oxides (MgO, Al 2 0 3 , etc.), and plastics such as polystyrene, polyethylene, polypropylene, polyesters, polyacryl- 
ics, nylons and silicone resins. In particular, beads of a porous material may be suitably selected, thereby conducting 

5 the adjustment of the specific gravity. 

[0066] The adhesives used in the bead-containing spacer-forming material according to the present invention is 
cured after the bead-containing spacer-forming material is applied onto the color filter, so as to fix the beads, and a 
resin composition capable of curing by light irradiation, heat treatment or a combination thereof is preferably used. Spe- 
cifically, the curable, spacer-forming material described above may be used. 

10 [0067] For the ink-jet system used in the application of the bead-containing spacer-forming material, a piezo-jet 
type making use of a piezoelectric element, or the like may be preferably used. The shot-in position and shot-in quantity 
of the bead-containing spacer-forming material may be arbitrarily preset. 

[0068] For the spacer-forming material 9, a material that contains a polymer, copolymer or monomer component as 
a curable component curable by light irradiation or heat treatment and that is prepared at a high concentration in which 

15 the content of a solvent component is not higher than 50 % by weight may be used. The solvent component contained 
in the spacer-forming material 9 is lessened to prepare a high-concentration material as described above, whereby the 
enough height of a droplet required for the spacer can be achieved upon application of the spacer-forming material onto 
the color filter by an ink-jet head, and so a spacer having a sufficient height can be formed in a narrow area. Accordingly, 
a spacer having a desired height can be selectively formed only over a black matrix 2 having a narrow width with ease. 

20 [0069] The content of the solvent component is preferably not higher than 30 % by weight, more preferably not 
higher than 20 % by weight, and is not lower than 5 % by weight. 

[0070] A specific component contained in the spacer-forming material 9 includes an acrylic resin, epoxy resin or the 
like. However, a component by which the viscosity of the spacer-forming material does not become very high is pre- 
ferred taking its ejectability by the ink-jet system into consideration, and so a monomer or oligomer material curable by 
25 light irradiation or heat treatment is preferred. Specifically, monomers or oligomers having at least two ethylenically 
unsaturated bonds, monomers or oligomers having at least two glycidyl groups, and the like are included. However, 
such components are not limited thereto. 

[0071] When the spacer-forming material is cured by light, various kinds of photosetting resins and photopolymer- 
ization initiators may be added thereto. In addition, various kinds of commercially-available resins and additives may be 

30 added as other components so far as they do not cause problems of crusting and the like in the spacer-forming material. 
[0072] The respective components described above are mixed and dissolved in water and/or a publicly known sol- 
vent when preparing the spacer-forming material 9. In this process, those known per se in the art may be used. Desir-. 
ably, an additive solvent or an additive such as a.surfactant is added according to the material of the surface, on which 
the spacer 1 0 is formed, to control the diameter of a dot formed by the spacer-forming material: 9 ejected, whereby the- 

35 diameter of the spacer 1 0 can be controlled. 

[0073] A preferable embodiment of a production process of a spacer-bearing color filter, in which a colored layer of 
the color filter is formed by an ink-jet system, will hereinafter be described with reference to Figs. 9 A to 9G. 
[0074] Incidentally, Figs. 9A to 9G correspond to the following Steps (a) to (g), respectively. 

40 Step (a): 

[0075] A black matrix 2 is formed as a shading layer having apertures on a transparent substrate 1, and an ink- 
receiving layer 53 composed of a resin composition is formed on the whole surface thereof 

[0076] The ink-receiving layer 53 is composed of a resin composition curable by light irradiation, heat treatment, or 
45 both light irradiation and heat treatment and has ink absorbency. Particularly preferably, the ink-receiving layer 53 is 
formed by a photosensitive resin composition, the ink absorbency of which is increased or decreased by light irradia- 
tion, to form non-coloring portions 55 between adjacent coloring portions 56 by patterning exposure which will be 
described subsequently, thereby preventing color mixing. For such a photosensitive resin composition, an acrylic resin, 
epoxy resin, amide resin, phenol resin, polystyrene resin or the like is used in combination with a photo-initiator 
so (crosslinking agent) as needed. This embodiment is a case where a negative type photosensitive resin composition the 
ink absorbency of which is lowered by light irradiation is used. 

[0077] The photosensitive resin composition is applied on to the transparent substrate 1 by a publicly known means 
such as spin coating, dip coating, roll coating, bar coating or slit coating, and prebaked as needed, thereby forming the 
ink-receiving layer 53. 

55 [0078] Incidentally, the ink-receiving layer 53 is preferably such that the ink absorbency is increased or decreased 
by light irradiation, and at the same time the wettability by ink is also increased or decreased. 
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Step (b): 

[0079] Patterning exposure is conducted through a photomask 54 to form the coloring portions 56 having high ink 
absorbency and non-coloring portions 55 the ink absorbency of which is lower (or lost) than that of the coloring portions 
5 56. In this embodiment, the photosensitivity of the ink-receiving layer 53 is negative, and in this case, a photomask hav- 
ing such an opening pattern that the width of each of the non-coloring portions 55 becomes narrower than the width of 
the black matrix 2 is preferably used from the viewpoint of forming colored portions 59 wider than the aperture of the 
black matrix 2 to prevent color skip at aperture portions of the black matrix 2. 

[0080] In the case where the photosensitivity of the ink-receiving layer 53 is positive, the black matrix 2 is used as 
10 a photomask to conduct exposure from the back side of the transparent substrate 1 , whereby the patterning exposure 
can be conducted without using any photomask. 

Step (c): 

15 [0081] Color inks 58 of R (red), G (green) and B (blue) colors are applied to the coloring portions 56 of the ink- 
receiving layer according to the prescribed coloring pattern by means of an ink-jet head 57. In this embodiment, the 
non-coloring portions 55 low (or lost) in ink absorbency are interposed between adjacent coloring portions 56, so that 
the respective inks overflowed from the coloring portions 56 are repelled by the non-coloring portions 55, thereby pre- 
venting color mixing between the adjacent coloring portions 56. 

20 [0082] For the color inks used in the present invention, both dye inks and pigment inks may be used, and any inks 
may be used so far as they can be ejected by an ink-jet system. 

[0083] For the ink-jet system used in the present invention, a bubble-jet type using an electrothermal converter as 
an energy-generating element, a piezo-jet type making use of a piezoelectric element, or the like may be used. A color- 
ing area and a coloring pattern may be arbitrarily preset. 

25 

Step (d): 

[0084] After the color inks 58 are absorbed in the respective coloring portions 56 and sufficiently diffused, the ink- 
receiving layer is subjected to a drying treatment as needed, and the whole surface of the ink-receiving layer is sub- 
30 jected to a necessary treatment such as light irradiation and/or heat treatment to cure the whole ink-receiving layer to 
form a colored layer composed of the non-coloring portions 55 and the colored portions 59. 

Step (e): 

35 [0085] After a protective layer 4 is formed as needed, a transparent electroconductive film 5 which will become an 
electrode for driving a liquid crystal is formed. 

[0086] For the transparent electroconductive film 5, ITO (indium-tin-oxide) film is generally used. Such a film can be 
formed by sputtering or the like. 

40 Step (f): 

[0087] A spacer-forming material 9 is partially applied in, preferably, a region overlapping with the black matrix 2 by 
an ink-jet head 8. 

45 Step (g): 

[0088] The spacer-forming material 9 is subjected to a necessary treatment such as light irradiation, heat treatment 
or both light irradiation and heat treatment to cure the spacer-forming material 9, thereby forming the spacer 10 to 
obtain a spacer-bearing color filter according to the present invention. The light irradiation and heat treatment are con- 
50 ducted in accordance with the respective methods known per se in the art. 

[0089] Figs 1 1 A to 11 F illustrate steps of a production process of a spacer-bearing color filter according to another 
embodiment of the present invention. In Figs. 11 A to 1 1 F, like reference numerals are given to the same members as 
in Figs. 9A to 9G, and their descriptions are omitted. In Figs. 1 1 A to 1 1 F, reference numeral 32 indicates a black matrix, 
57 an ink-jet head, 38 curable color inks, and 39 colored portions. Incidentally, Figs. 1 1 A to 11 F correspond to the fol- 
55 lowing Steps (a) to (f), respectively. 
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Step (a): 

[0090] A black matrix 32 having apertures is formed with a black resin composition on a transparent substrate 1. 
The black matrix 32 has a function as a partition wall for preventing color mixing between curable color inks 38 used for 

5 forming colored portions 39. 

[0091] For such a black resin composition, a composition having photosensitivity is preferred. Specifically, an 
acrylic resin, epoxy resin, amide resin, phenol resin, polystyrene resin or the like is used in combination with a photo- 
initiator (crosslinking agent) as needed, and a black dye or pigment is mixed therewith before use. 
[0092] After the photosensitive black resin composition is applied on to the transparent substrate 1 by a publicly 

10 known means such as spin coating, dip coating, roll coating, bar coating or slit coating, and prebaked as needed, pat- 
terning exposure and development are conducted to obtain the black matrix 32 having prescribed pattern. 

Step (b): 

15 [0093] Curable color inks 38 are applied to the apertures of the black matrix 32. For the curable color inks 38, 
colored resin compositions comprising a resin curable by application of energy, such as light irradiation or heat treat- 
ment, and a dye or pigment of R, G or B color are used. For the resin, may be used a melamine resin; a hydroxyl group- 
or carboxyl group-containing polymer and melamine; a hydroxyl group- or carboxyl group-containing polymer and a 
polyfunctional epoxy compound; a hydroxyl group- or carboxyl group-containing polymer and a reactive cellulose com- 

20 pound; an epoxy resin and a resol resin; an epoxy resin and an amine; an epoxy resin and a carboxylic acid or an acid 
anhydride; an epoxy compounds; or a negative resist. 

[0094] For the ink-jet system, a bubble-jet type using an electrothermal converter as an energy-generating element, 
a piezo-jet type making use of a piezoelectric element, or the like may be used like the application of the color inks in 
the above embodiment. A coloring pattern may be arbitrarily preset. 

25 

Step (c): 

[0095] The inks applied are subjected to a drying treatment as needed, and then a necessary treatment such as 
light irradiation and/or heat treatment to cure the curable color inks 38, thereby forming colored portions 39. In this 
30 embodiment, the colored portions 39 corresponds to the colored layer of the color filter. 

Step (d): 

[0096] After a protective layer 4 is formed as needed like Fig. 9E, a transparent electroconductive film 5 is.formed. 

35 ■ 

Step (e): 

[0097] As with Fig. 9F, a spacer-forming material 9 is partially applied in, preferably, a region overlapping with the 
black matrix 2 by an ink-jet head 8. 

40 

Step (f): 

[0098] The spacer-forming material 9 is subjected to a necessary treatment in the same manner as in Hg. 9G to 
cure the spacer-forming material 9, thereby forming the spacer 10 to obtain a spacer-bearing color filter according to 
45 the present invention. 

[0099] Fig. 12 schematically illustrates an exemplary spacer-bearing color filter in which a spacer 18 has been 
formed with a bead-containing spacer-forming material. According to this spacer 1 8, beads 1 5 are fixed to a transparent 
electroconductive film 5 with an adhesive 16. 

[0100] Fig. 1 0 is a schematic cross-sectional view illustrating an exemplary liquid crystal elemental device using the 

so spacer-bearing color filter according to the present invention. 

[0101] A spacer-forming material of a positive or negative type photosensitive resin composition/is apply onto the 
color filter, and then the spacer-forming material which has spread too much is then subjected to patterning exposure 
and developed, whereby an unnecessary portion of the spacer may be removed. According to this process, a spacer 
having a proper size can be formed. 

55 [0102] The present invention will hereinafter be described more specifically by the following EXAMPLES. 
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EXAMPLE 1: 

[0103] A metal chromium film having a thickness of 0.1 urn was formed on a glass substrate by sputtering and 
etched by using a photoresist, thereby obtaining a lattice black matrix. Thereafter, a colored layer composed of colored 
5 patterns of R, G and B was formed by using a publicly known process for forming a color filter by an ink-jet system. A 
protective, layer composed of an acrylic resin was formed thereon by means of a spin coaterto conduct smoothing. An 
ITO film as a transparent electrode was further formed thereon by sputtering, and an orientation film composed of poly- 
imide was further formed thereon. A curable, spacer-forming material having the following composition was ejected to 
this substrate onto the black matrix by an ink-jet head as illustrated in Fig. 1F. 

10 

[Composition of curable, spacer-forming material] 
[0104] 

75 



Copolymer 


1 0 % by weight 


Water 


80 % by weight 


Ethylene glycol 


1 0 % by weight. 



[0105] The copolymer used in the above composition was a bipolymer of N,N-dimethylolacrylamide and methyl 
methacryiate (copolymerization ratio = 40:60 by weight). 
25 [0106] The above-prepared substrate was heated at 1 00°C for 1 5 minutes, and then at 200°C for 30 minutes to cure 
the curable, spacer-forming material, thereby forming a spacer. 

[0107] The substrate on which the spacer had been formed and a substrate on which opposed electrodes had been 
formed were laminated with a sealant to fabricate a cell. A liquid crystal was filled into the cell to obtain a liquid crystal 
elemental device according to the present invention. The liquid crystal elemental device thus obtained was less in color 
30 irregularity and excellent in contrast compared with a conventional liquid crystal elemental device in which spacers hav- 
ing a diameter of 6 u.m are dispersed. 

EXAMPLE 2: 

35 [0108] A metal chromium film having a thickness of 0.1 urn was formed on a glass substrate by sputtering and 
etched by using a photoresist, thereby obtaining a lattice black matrix. Thereafter, a colored layer composed of colored 
patterns of R, G and B was formed by using a publicly known process for forming a color filter by an ink-jet system. A 
protective layer composed of an acrylic resin was formed thereon by means of a spin coater toconduct smoothing. An 
ITO film as a transparent electrode was further formed thereon by sputtering. A curable, spacer-forming material having 

40 the following composition was ejected to this substrate onto the black matrix by an ink-jet head in the same manner as 
in EXAMPLE 1 . incidentally, an orientation film composed of polyimide was formed after the formation of the spacer. 

[Composition of curable, spacer-forming material] 

45 [0109] 



Copolymer 


1 0 % by weight 


Water 


80 % by weight 


Ethylene glycol 


1 0 % by weight. 



55 [0110] The copolymer used in the above composition was a bipolymer of N,N-dimethylolacrylamide and methyl 
methacryiate (copolymerization ratio = 40:60 by weight). 

[0111] In this example, the curable, spacer-forming material was ejected 3 times to form the spacer. In this case, 
the spacer-forming material was ejected on the substrate in an amount of 20 ng for the first ejection, 15 ng for the sec- 
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ond ejection and 10 ng for the third ejection, thereby forming a spacer in a substantially trapezoid form in section as 
illustrated in Fig. 3 

[01 1 2] The above-prepared substrate was heated at 1 00°C for 1 5 minutes, and then at 200°C for 30 minutes to cure 
the curable, spacer-forming material, thereby forming the spacer. The spacer had a thickness of 5 um and a diameter 
5 of about 20 ujti. 

[0113] The substrate on which the spacer had been formed and a substrate on which opposed electrodes had been 
formed were laminated with a sealant to fabricate a cell. A liquid crystal was filled into the cell to obtain a liquid crystal 
elemental device according to the present invention. The liquid crystal elemental device thus obtained was less in color 
irregularity and excellent in contrast compared with a conventional liquid crystal elemental device in which spacers hav- 
10 ing a diameter of 6 u.m are dispersed. 

EXAMPLE 3: 

[0114] A metal chromium film having a thickness of 0.1 urn was formed on a glass substrate by sputtering and 
15 etched by using a photoresist, thereby obtaining a lattice black matrix. Thereafter, a colored layer composed of colored 
patterns of R, G and B was formed by using a publicly known process for forming a color filter by an ink-jet system. A 
protective layer composed of an acrylic resin was formed thereon by means of a spin coater to conduct smoothing. An 
ITO film as a transparent electrode was further formed thereon by sputtering. A curable, spacer-forming material having 
the following composition was ejected to this substrate at a position opposed to each element of the black matrix by an 
20 ink-jet head. In this example, an ink-jet head that can eject the spacer-forming material in a larger amount than the ink- 
jet head used in EXAMPLE 1 was used. 

[Composition of curable, spacer-forming material] 

25 [0115] 



Copolymer 


10% 


by weight 


Water 


80% 


by weight 


Ethylene glycol 


10% 


by weight. 



35 [0116] The copolymer used in the above composition was a bipolymer of N,N-dimethylolacrylamide and methyl 
methacrylate (copoiymerization ratio = 40:60 by weight). 

[01 1 7] The above-prepared substrate was heated at 1 00°C for 1 5 minutes, and then at 200°C for 30 minutes to cure 
the curable, spacer-forming material, thereby forming a spacer. ■ 

[0118] The top of the cured spacer was then abraded by such an abrading device as illustrated in Fig. 4, thereby 
40 flattening the top into a fiat surface having an average area of about 1 00 urn 2 . The height of the spacer was controlled 
to 5 jxm. 

[0119] The spacer-bearing substrate the spacer of which had been abraded was immersed in an ultrasonic clean- 
ing bath to apply ultrasonic wave of 100 kHz and 250 W for 1 minute thereto, thereby cleaning the substrate. An orien- 
tation film was further formed thereon, followed by baking and a rubbing treatment. 
45 [0120] The substrate on which the spacer had been formed and a substrate on which opposed electrodes had been 
formed were laminated with a sealant to fabricate a cell. A liquid crystal was filled into the cell to obtain a liquid crystal 
elemental device according to the present invention. The liquid crystal elemental device thus obtained was less in color 
irregularity and excellent in contrast compared with a conventional liquid crystal elemental device in which spacers hav- 
ing a diameter of 6 um are dispersed. 

50 

EXAMPLE 4: 

[0121] A resin composition comprising 97 parts by weight of an acrylic terpolymer having the following composition 
and 3 parts by weight of triphenylsulfonium hexafluoroantimonate dissolved in ethyl cellosolve was applied onto a glass 
55 substrate, on which a lattice black matrix (aperture size: 60 um x 150 urn) having a width of 20 ujti and a length of 35 
ujti had been formed with chromium, by spin coating so as to give a film thickness of 2 urn, followed by prebaking at 
90°C for 20 minutes, thereby forming an ink-receiving layer. 
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[Composition of acrylic terpolymer] 
[0122] 

5 



methyl methacrylate 


50 


parts 


by 


weight 


hydroxy ethyl methacrylate 


30 


parts 


by 


weight 


N-methylolacrylamide 


20 


parts 


by 


weight. 



[0123] The ink-receiving layer was subjected to patterning exposure in the form of stripe at part of the ink-receiving 
layer on the black matrix through a photomask having stripe openings each having a width narrower than that of the 

15 black matrix, and then subjected to a heat treatment for 1 minute on a hot plate heated to 120°C. Dye inks of R (red), 
G (green) and B (blue) colors were applied to unexposed portions of the ink-receiving layer by means of an ink-jet 
recording apparatus, thereby coloring the ink-receiving layer in the form of stripe with continuous dots. The inks were 
then dried at 90°C for 5 minutes. The substrates thus colored was subsequently subjected to a heat treatment at 200°C 
for 60 minutes to cure the whole ink-receiving layer, thereby obtaining a colored layer. 

20 [0124] A two-pack type thermosetting resin composition ("SS6699G", trade name, product. of JSR Co., Ltd.) was 
spin-coated on the colored layer so as to give a film thickness of 1 u.m and prebaked at 90°C for 30 minutes. The thus- 
formed film was heat-treated at 250°C for 60 minutes to form a protective layer. An ITO film was then formed by sput- 
tering so at to give a thickness of 1,500 A, thereby obtaining a color filter. 

[0125] Beads (divinylbenzene-crosslinked polystyrene; specific gravity: 1 .02) having a particle diameter of 5.5 \im 
25 were dispersed in an adhesive (specific gravity: 0.98) composed of 1 0 % by weight of a bipolymer of N,N-dimethyiolacr- 
ylamide and methyl methacrylate (weight ratio = 40:60), 80 % by weight of water and 1 0 % by weight of ethylene glycol 
in such a manner that the content of the beads in a spacer-forming material was 1 0 % by weight, thereby preparing a 
bead-containing spacer-forming material. The viscosity of this spacer-forming material was 19 cp at 25°C. The bead- 
containing spacer-forming material was applied onto the ITO film by an ink-jet head in such a manner that the beads 
30 were partially arranged in a region overlapping with the black matrix. The beads were uniformly dispersed in the spacer- 
forming material in this application step and have been applied to desired positions on the black matrix. The thus- 
treated substrate was subjected to an additional heat treatment at 150°C for 20 minutes to cure the adhesive, thereby 
fixing the beads to the ITO film to obtain a spacer-bearing color filter. 

[0126] The spacer-bearing color filter thus obtained was used to fabricate a liquid crystal elemental device for color 
35 display. As a result, a good color image was displayed. 

EXAMPLE 5: 

[0127] A resin composition comprising 97 parts by weight of an acrylic terpolymer having the following composition, 
40 and 3 parts by weight of triphenylsulfonium hexafluoroantimonate dissolved in ethyl cellosolve was applied onto a glass 
substrate, on which a lattice black matrix (aperture size: 100 urn x 300 jam) having a width of 20 ^im and a length of 40 
jam had been formed with chromium, by spin coating so as to give a film thickness of 2 u.m, and prebaked at 90°C for 
20 minutes, thereby forming an ink-receiving layer. 

45 [Composition of acrylic terpolymer] 

[0128] 



50 



methyl methacrylate 


50 


parts 


by 


weight 


hydroxy ethyl methacrylate 


30 


parts 


by 


weight 


N-methylolacrylamide 


20 


parts 


by 


weight. 



[0129] The ink-receiving layer was subjected to patterning exposure in the form of stripe at part of the ink-receiving 
layer on the black matrix through a photomask having stripe openings each having a width narrower than that of the 
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black matrix, and then subjected to a heat treatment for 1 minute on a hot plate heated to 120°C. Dye inks of R (red), 
G (green) and B (blue) colors were applied to unexposed portions of the ink-receiving layer by means of an ink-jet 
recording apparatus, thereby coloring the ink-receiving layer in the form of stripe with continuous dots. The inks were 
then dried at 90°C for 5 minutes. The substrates thus colored was subsequently subjected to a heat treatment at 200°C 

5 for 60 minutes to cure the whole ink-receiving layer, thereby obtaining, a colored layer. 

[0130] A. two-pack type thermosetting resin composition ("SS6699G i \ trade name, product of JSR Co., Ltd.) was 
spin-coated on the colored layer so as to give a film thickness of 1 jim and prebaked at 90°C for 30 minutes. The thus- 
formed film was heat-treated at 250°C for 60 minutes to form a protective layer. An !TO film was then formed by sput- 
tering so at to give a thickness of 1 50 nm, thereby obtaining a color filter. 

w [0131] A spacer-forming material having the following composition was applied in an amount of 5 pi per position 
onto the color filter thus obtained in a region overlapping with the black matrix by an ink-jet system. The spacer-forming 
material thus applied was subjected to a heat treatment to cure. 

[Composition of curable, spacer-forming material] 

15 

[0132] 



20 


Polypropylene/glycol digfycidyl ether ("EX-920", product of Nag 


ase Chemicals, Ltd.) 


80 % by weight 




Water 




20 % by weight. 



[0133] The spacer thus obtained was in a substantially cylindrical form having a diameter of 20 jirn and a height of 
25 5|tim. 

[0134] The spacer-bearing color filter thus obtained was used to fabricate a liquid crystal elemental device. As a 
result, no influence of the spacer on display was exerted, and so a good display was realized. 

Claims 

A process for producing a liquid crystal elemental device comprising a pair of substrates arranged in opposed rela- 
tion to each other through a spacer and a liquid crystal held in a space between the substrates, which comprises ■ 
the steps of applying a spacer-forming material onto one of the pair of substrates by an ink-jet system to form the 
spacer, arranging the pair of substrates in opposed relation to each other with the spacer held therebetween, and 
enclosing a liquid crystal compound in the space between the pair of substrates. 

The process according to Claim 1 , wherein the substrate on which the spacer is formed has a colored layer. 
The process according to Claim 2, wherein the substrate has a black matrix. 

The process according to Claim 3, wherein the spacer-forming material is applied to a position overlapping with the 
black matrix. 

The process according to Claim 1 , wherein the spacer-forming material comprises an adhesive and beads dis- 
persed in the adhesive. 

The process according to Claim 5, wherein a ratio of the specific gravity of the beads to the specific gravity of the 
adhesive is 0.9 to 1.1. 

The process according to Claim 5, wherein the beads have a particle diameter of 0.8 to 10 u,m, and the adhesive 
has a viscosity of 2 to 1 00 cp at 25°C. 

The process according to Claim 1 , wherein the spacer-forming material comprises a curable component curable by 
light or heat and a solvent component, and the content of the solvent component is at most 50 % by weight. 

A process for producing a liquid crystal elemental device comprising a pair of substrates arranged in opposed rela- 
tion to each other through a spacer and a liquid crystal held in a space between the substrates, which comprises 
the steps of applying a spacer-forming material a plurality of times to be piled up onto one of the pair of substrates 
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to form the spacer, arranging the pair of substrates in opposed relation to each other with the spacer held therebe- 
tween, and enclosing a liquid crystal compound in the space between the pair of substrates. 

10. The process according to Claim 9, wherein when the spacer-forming material is applied a plurality of times, the 
5 amount of the spacer-forming material applied in and after the second time is smaller than the amount of the 

spacer-forming material applied in the first time. 

11. The process according to Claim 9, wherein when the spacer-forming material is applied a plurality of times, the 
spacer-forming material applied eariier is cured, and then the next spacer-forming material is applied thereon. 

10 

12. The process according to Claim 9, wherein the substrate on which the spacer is formed has a colored layer. 

13. The process according to Claim 9, wherein the spacer-forming material is applied by an ink-jet system. 

15 14. A process for producing a liquid crystal elemental device comprising a pair of substrates arranged in opposed rela- 
tion to each other through a spacer and a liquid crystal held in a space between the substrates, which comprises 
the steps of applying a spacer-forming material onto one of the pair of substrates to form the spacer, flattening the 
top of the spacer, arranging the pair of substrates in opposed relation to each other with the spacer held therebe- 
tween, and enclosing a liquid crystal compound in the space between the pair of substrates. 

20 

15. The process according to Claim 14, wherein the substrate on which the spacer is formed has a colored layer. 

16. The process according to Claim 14, wherein the spacer-forming material is applied by an ink-jet system. 

25 17. A process for producing a spacer-bearing substrate, which comprises the steps of forming a colored layer on a sub- 
strate, and applying a spacer-forming material by an ink-jet system to form a spacer. 

18. A process for producing a spacer-bearing substrate, which comprises the steps of applying a spacer-forming mate- 
rial a plurality of times to be piled up onto a substrate to form a spacer. 

30 

19. The process according to Claim 18, wherein the substrate on which the spacer is formed has a colored layer. 

20. The process according to Claim 18, wherein the spacer-forming material is applied by an ink-jet system. 

35 21. A process for producing a spacer-bearing substrate, which comprises the steps of forming a spacer composed of 
a spacer-forming material on a substrate, and flattening the top of the spacer. 

22. The process according to Claim 21, wherein the substrate on which the spacer is formed has a colored layer. 

40 23. The process according to Claim 21, wherein the spacer-forming material is applied by an ink-jet system. 
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